INTRODUCTION
In-hospital cardiac arrest (IHCA) events account for 370000 to 750000 events annually in the United States and a number much larger globally [1] . Major advances have been made in resuscitation with the advent of target temperature management, rapid response and code teams nationwide in hospitals based on recommendations of the Joint Commission [2] . The vast majority of patients who achieve sustained return of spontaneous circulation (ROSC) from IHCA, however, die before hospital discharge and their prognosis has not changed over the past 30 years [1] . Survival to discharge is estimated to be about 18% [3] , and at one year and three years to be 6.6% and 5.2% [4] . Several clinical factors are of prognostic significance after such an event, including type of initial cardiac rhythm [5, 6] , age, comorbidities, duration of cardiopulmonary resuscitation, and implementation of target temperature management in appropriate candidates [7] . Post-arrest immune-inflammatory markers including interleukin-6 and high sensitivity C-reactive protein (CRP) [8] as well as markers of neuronal damage such serum neuron-specific enolase concentrations [9] and S-100 protein [10] have also shown some promise as prognostic markers after ROSC.
Many of these biochemical assays are not routinely performed and have to be specifically ordered at a specialized laboratory, adding cost and time delay in receiving the results. These delays preclude their value in the routine care of these sick patients. Studies of routinely available lab measures have demonstrated that high blood glucose [11] , low potassium [12] , high platelet count [13] and high lactate [14] levels are all associated with poor prognosis in patients with cardiac arrest. Recently, a high neutrophil-lymphocyte ratio (NLR) has emerged as a marker of poor prognosis for several cardiovascular and non-cardiovascular conditions [15] [16] [17] [18] [19] [20] [21] . While the therapies available, demographics of patients and survival rates are different with in and out of hospital cardiac arrest, a NLR > 6 was found to be associated with mortality independent of epinephrine administration [22] in patients with out of hospital cardiac arrest. The degree of abnormalities i.e., elevated glucose, low potassium, high platelet count and high NLR are all directly proportional to the acuteness and the severity of stress during IHCA driven by high catecholamine levels, whereas NLR values were also affected by inflammation. We chose to study the prognostic relevance of high NLR in IHCA patients beyond other routinely available laboratory measures and evaluate whether adrenergic drive or inflammation was the more important underlying mechanism associated with in-hospital death in these patients.
MATERIALS AND METHODS

Patients and setting
The study was carried out after obtaining approval from the IRB at Ascension St John Hospital, Detroit, Michigan. We performed retrospective chart review of patients ages 18 years or older at our institution who had sustained ROSC after an IHCA event (Jan 2015 to December 2015). We defined an IHCA event by the Utstein's criteria as the lack of a cardiac mechanical activity as confirmed by unresponsiveness, absence of a detectable pulse and apnea in patients with a pulse at time of admission [23] . Patients were excluded if they had an out-of-hospital cardiac arrest (n = 102), was a "do not resuscitate" status prior to event (n = 8), or had missing information (n = 18).
Measurements
Data on demographics, medical history, physical examination, laboratory and imaging findings, initial cardiac rhythm, treatment, adverse events and outcomes were collected using retrospective chart review and entered into Excel™ database. Complete blood count with differential and other laboratory information collected during 24 h of the IHCA event were recorded. If there were multiple values of the same laboratory measure during first 24 h, only the first value of these measures i.e., closest to IHCA event was entered into the dataset and used for this analysis.
Statistical methods
We compared the characteristics of patients who died versus those who survived after ROSC following IHCA. Variables are presented as mean with standard deviation or median with range or interquartile range (IQR) for continuous variables and as counts and percentages for categorical variables. Univariable analysis was doing using Student's t-test, the Mann-Whitney U test (for non-normally distributed variables) and the chi-squared test. Multivariable analysis was performed using logistic regression model to adjust for baseline confounders and identify independent predictors of in-hospital mortality. Analyses were performed using SPSS (IBM, Armonk, NY, United States), version 25 and a P value of < 0.05 was considered to be statistically significant.
RESULTS
Characteristics of the study population
Patients who achieved ROSC after IHCA and later died were more likely to be older and/or had pulseless electrical activity or asystole as the initial recorded rhythm (Table 1) . Similarly, lower blood pH and higher serum potassium and higher serum lactate levels were associated with in-hospital death in these patients whereas no relationship was observed for serum glucose level and platelet count. The median NLR was higher in non-survivors .9] compared with survivors , P = 0.001]. (6) 45.5% (5) Pulseless ventricular tachycardia 50% (3) 50% (3) Asystole 34.8% (8) 65.2% (15) a P value for global difference. 1 mean ± SD.
Logistic regression analysis
An NLR cut-off of 4.55 derived from receiver operating characteristic analysis (area under the curve = 0.66), provided 73% positive predictive value, 82% sensitivity and 42% specificity for predicting in-hospital death after ROSC following IHCA, ( Figure  1 ). In hospital mortality was higher in patients with NLR ≥ 4.55 compared with those with NLR < 4.55 (82% vs 45%, P = 0.02) (Figure 2 ). From multivariable logistic regression, an NLR ≥ 4.55 [odds ratio (OR) = 5.2, CI: 1.5-18.3, P = 0.01], older age (OR = 1.03, CI: 1.00-1.07, P = 0.05), and an elevated serum lactate level (OR = 1.2, CI: 1.03-1.4, P = 0.02) as independent predictors of death ( Table 2) . Type of cardiac rhythm, pH and potassium did not remain significant predictors.
DISCUSSION
Our study shows that patients with ROSC after IHCA had very high mortality with two-thirds of these patients dying before hospital discharge. In-hospital mortality was significantly higher in patients with older age, initial rhythm that showed pulseless electrical activity or asystole and those with abnormal routinely performed laboratory markers such as NLR ≥ 4.55, increased potassium, elevated lactate and lower blood pH. After adjustment for other risk factors, multivariate analysis identified NLR ≥ 4.55, lower blood pH and older age as independent risk factors for mortality. Markers associated with acute stress during IHCA such as glucose, potassium and platelet level were less useful predictors of mortality compared to non-inflammatory markers such as serum lactate level that reflected the end-result of the metabolic derangement. The range of sensitivity and specificity of neuron specific enolase with a cutoff level of 33 mg/L as a biomarker for worse neurologic injury after cardiac arrest is reported to be 72%-80% and 84%-100% respectively [24] . The false positive rate of neuron specific enolase is 0%-23%. Similarly the reported range of sensitivity and specificity of S-100 with a cutoff range of 0.2-1.5 mg/L as an adverse marker of neurologic injury after cardiac arrest is 72%-80% and 85%-100% respectively with a 0%-16% false positive rate [24] . Timing of measurement as well a target temperature management or lack of has been shown to have an effect on the sensitivity and specificity of neuron specific enolase and S-100 as biomarkers [25] . For example, in hypothermic patients at 24 h S-100 had a specificity of 100% and sensitivity of 30% compared to 100% and 59% respectively in normothermic patients. At 48 h, the specificity and sensitivity of S-100 in hypothermic patients was 96% and 22% respectively compared to 100% and 88% in normothermic patients [25] . In our study, we found that NLR measured within 24 h of IHCA of greater than or equal to 4.5 has a 82% sensitivity, 42% specificity and a 73% positive predictive value to be a marker of mortality. While it should be noted that a NLR ≥ 4.55 is not specific for absence of mortality with many false positives, the association of high sensitivity and positive predictive value with modest specificity Recently, a study on out of hospital cardiac arrest and targeted temperature management showed NLR cut off value of 6 at 72 h after ROSC was achieved with a sensitivity and specificity of 89% and 47% respectively [26] . Inflammatory and non-inflammatory markers are associated with poor prognosis among patients with out-of-hospital cardiac arrest and other cardiovascular and noncardiovascular conditions. Inflammatory markers including NLR have been studied in multiple cardiac and non-cardiac diseases recently [15] [16] [17] [18] [19] [20] [21] . Elevated white blood counts are associated with a higher risk of death among patients with acute myocardial infarction [23] . Recently, a high NLR, available as a part of routine laboratory tests has been shown to be marker associated with poor prognosis among patients with several conditions including acute coronary syndromes [15] , venous thromboembolism [16] , atrial fibrillation [17] , certain types of cancers [18] , severe aortic stenosis [19] , heart failure [20] and sepsis [21] . Similarly, elevations of other immune-inflammatory markers including interleukin-6 and high sensitivity CRP [8] have also shown some promise as prognostic markers after ROSC. Our study extends the paradigm of the prognostic significance of NLR seen in other cardiovascular conditions to patients with ROSC after IHCA.
Other laboratory non-inflammatory markers such as high blood glucose [11] , low potassium [12] , high platelet count [13] , and high lactate [14] levels as well as markers of neuronal damage such serum neuron-specific enolase concentrations [9] and S-100 protein [10] have also shown to be potentially associated with adverse prognosis in patients with cardiac arrest. With the exception of high lactate, we did not find any independent association of other routinely available laboratory values (blood glucose, serum potassium or platelet count) with in-hospital mortality in patients with ROSC after IHCA.
Two underlying mechanisms that have been postulated to explain the association of various laboratory values and outcomes are stress-induced stimulation of intrinsic adrenergic sympathetic nerves and propagation of the inflammatory cascade. Severe adrenergic stress during IHCA driven by high catecholamine levels elevates blood glucose, platelet count and NLR while depressing serum potassium. In contrast, NLR values also increase in the inflammatory response to IHCA. Our finding of independent correlation of NLR but not of other routinely available laboratory tests may suggest a more important mechanistic role of inflammation than adrenergic sympathetic activation. This hypothesis, however, and whether targeting inflammation following ROSC leads to improved mortality remains to be further confirmed in future studies.
Finally, the association of lactate level with mortality after cardiac arrest and ROSC warrants further discussion. Lactic acid is produced in tissues and organs during periods of hypoperfusion and ischemia [27] . In addition, lactic acid hepatic clearance is impaired in cases of shock liver often a common accompaniment of cardiac arrest. Epinephrine injections inherently used during resuscitation also have been shown to elevate lactic acid [28] . Thus, lactic acid elevation following a cardiac arrest is the endresult of the above underlying mechanisms and higher levels of lactic acid are expected with longer duration of resuscitation and hypoperfusion in cardiac arrest and ROSC [29] . It is not difficult, therefore, to envision why the initial lactic acid level in patients with IHCA and ROSC predicted an increased risk of death. Our study should be viewed in light of its limitations. This study is a single center retrospective study with modest number of cases and thus subject to missing and incomplete information and our findings should be considered as hypothesisgenerating. We did not evaluate the prognostic significance of other biomarkers i.e., CRP, various cytokines, serum neuron-specific enolase concentrations and S-100 protein. Most of these values, however, are not routinely collected and/or have to be sent to specialized laboratories for testing, precluding their value in contemporary practice.
In conclusion, in patients with ROSC after IHCA, in-hospital mortality was high. Our data showed that NLR may be a useful marker of increased risk of in-hospital death in these patients, and thus has potential to improve clinical decision making and family's understanding of risk of in-hospital death after IHCA. Further study in a large cohort of patients with ROSC after IHCA is needed to confirm our findings and to evaluate if targeting inflammation may help improve mortality in these patients. 
ARTICLE HIGHLIGHTS
Research background
Mortality and morbidity after having an in hospital cardiac arrest (IHCA) event are high. Despite the advent of therapeutic modalities such as target temperature management and increased access to rapid response and code blue teams, the survival rates after IHCA are dismal. Markers of poor survival after IHCA have been evaluated and include S-100 and serum neuron-specific enolase concentrations. However, this and many other markers are often analyzed at specialized laboratories and may have a time delay in response. Their routine use is therefore limited.
Research motivation
The main motivation for the study was to evaluate whether neutrophil-lymphocyte ratio (NLR), an easy to obtain marker can be used to gain prognostic information after IHCA patients achieve return of spontaneous circulation (ROSC). Previously, NLR has been evaluated as a marker of poor prognosis for several cardiovascular and non-cardiovascular conditions. Interestingly, a high NLR in patients with out of hospital cardiac arrest (OHCA) has been shown to have increased mortality. It is essential to investigate whether NLR provides any prognostic information in IHCA patients as they are often sicker, older and have poor survival compared to patients with OHCA.
Research objectives
The main objective was to determine the value of an elevated NLR in predicting survival to discharge in patients with IHCA. Furthermore, we evaluated whether a high adrenergic drive or inflammation may be associated with the mechanism associated with IHCA. As a result, we looked at the initial cardiac rhythm and other laboratory values such as potassium, lactate, glucose and platelet level as this may be evaluated in future research as therapeutic targets for improving survival after IHCA.
Research methods
A retrospective chart review was conducted at our institution of all patients over 18 years of age who has sustained ROSC after IHCA events. Medical records were reviewed for demographics, history and physical examination, laboratory and imaging findings as well as initial cardiac rhythm and outcomes were collected. Of note, the laboratory data was collected during 24 h of the IHCA being recorded.
Research results
The main finding out this study was that a NLR cut-off of 4.55 derived from receiver operating characteristic analysis (area under the curve = 0.66), provided 73% positive predictive value, 82% sensitivity, 42% specificity predicting in-hospital death. Multivariable logistic regression analysis yielded an NLR ≥ 4.55 [odds ratio (OR) = 5.2, confidence interval (CI): 1.5-18.3, P = 0.01], older age (OR = 1.03, CI: 1.00-1.07, P = 0.05), and an elevated serum lactate level (OR = 1.2, CI: 1.03-1.4, P = 0.02) as independent predictors of death. Older individuals, or those with pulseless electrical activity and/or asystole as the initial cardiac rhythm were more likely to have died from IHCA despite achieving ROSC. A limitation of this paper is that it did not evaluate the prognostic significance of other biomarkers such as S-100, serum neuron-specific enolase amongst others compared to NLR. Our study was also a single center retrospective study with modest number of cases and as results our findings should be considered as hypothesis-generating.
Research conclusions
The new findings of our study are that an increased NLR may be a marker of decreased survival in patients with ROSC after IHCA. NLR may have some utility in improving clinical decision making and family's understanding of risk of death after IHCA. This study proposes that modulating inflammation may improve mortality in patients after an IHCA event.
Research perspectives
The authors suggest using NLR as a tool to further assist in prognosticating patients with ROSC after IHCA. Future investigations may look to compare NLR values and survival before and after currently accepted interventions such as target temperature management or even after modulation of inflammation, a cascade which is less well understood but likely plays a detrimental role in the outcome after IHCA.
